• Objective: To examine the relationship of carotid intima media thickness (cIMT) and anthropometric measures, body mass index (BMI), and percentage body fat (%BF) after controlling for cardiovascular disease (CVD) risk factors.
• Results: 90% (n = 135) of patients had maximal cIMT ≥ 1.0 mm. Hypertension was present in 41%, hyperlipidemia in 25%, smoking in 30%, diabetes in 15%, and CVD family history in 43%. Findings from univariate analysis show that increased cIMT was significantly associated with age (P < 0.001), hypertension (P = 0.005), BMI (P = 0.001), waist circumference (P = 0.002), neck circumference (P = 0.08), and waist-to-height ratio (P = 0.006). However, %BF did not show any statistical significance (P = 0.25). Forward stepwise logistic regressions were performed for each body composition measure that was significant on univariate analysis, with the inclusion of age and hypertension as covariates. After controlling for age, BMI, waist circumference and total body fat were statistically significant predictors of cIMT ≥ 1.0 mm. After controlling for age and hypertension, neck circumference and fat-free mass were also significant predictors of cIMT ≥ 1.0mm.
• Conclusion: BMI and several body composition measures, independent of age and hypertension, are associated with increased cIMT, and are a surrogate for early atherosclerosis among patients with no known prior cardiovascular events.
A therosclerosis is a major cause of morbidity and mortality in the United States and around the world. A number of clinical, laboratory, and noncardiac tests are routinely used to detect cardiovascular disease (CVD) and determine patient risk of future cardiac events. Increased carotid intima media thickness (cIMT) is a validated marker of subclinical atherosclerosis and is associated with prevalent and incident coronary artery disease and stroke [1] [2] [3] . Obesity, one of the modifiable risk factors, is associated with increased coronary risk through its indirect effects mediated by its relationship to traditional coronary risk factors. Only one study has examined the relationship of anthropometric measures and percentage body fat with CVD [4] . There are a number of ways to assess obesity, but these different methods have not been compared in terms of their association with atherosclerosis. The objective of our study was to cross-sectionally examine the relationship between cIMT and anthropometric measures, BMI, and body fat percentage (%BF), after controlling for CVD risk factors.
METHODS
We conducted an observational study of 150 patients who were admitted to the clinical decision unit at St. John Hospital and Medical Center for chest pain evaluation between October 2009 and December 2010 who were ruled out for acute coronary syndrome through serial EKGs and troponin tests. Patients aged 18 years and older with no known history of coronary artery disease or peripheral vascular disease who gave consent for exercise stress echocardiography, carotid ultrasound, and body measurements were enrolled in the study. Patients were excluded if they were pregnant or nursing a child, had known coronary or peripheral artery disease, or were unable to exercise on a treadmill. The anthropometric, body composition, and cIMT measurements were done in the noninvasive laboratory prior to the stress echocardiography. The study was approved by the hospital institutional review board.
Anthropometric Measures
Body weight was measured to the nearest 0.1 kg using a lever balance with subjects dressed in light clothing (hospital gown). Height was measured to the nearest 1 cm; subjects did not wear shoes. Waist circumference was measured midway between the lower rib margin and the iliac crest in the horizontal plane. Neck circumference was measured in the midway of the neck, between the mid-cervical spine and the mid anterior neck, to within 1 mm, with plastic tape calibrated weekly. In men with a laryngeal prominence (Adam's apple), neck circumference was measured just below the prominence. All circumferences were taken with the subjects standing upright with shoulders relaxed. The waist-to-height ratio was calculated by dividing waist size by height. BMI was defined as the individual's body weight divided by the square of his or her height (kg/m2). All anthropometric measurements were taken in accordance with World Health Organization standards [5] .
Bioelectrical Impedance Measurements
For body composition measures we used the RJL systemQuantum IV BIA analyzer (registered with the FDA as a medical device manufacturer) to measure electrical impedance, according to the instructions provided by the manufacturer. Resistance and reactance data from the BIA instrument were used to estimate the %BF and fat-free mass from manufacturers' equation by the BC software. The bioelectrical impedance analysis technique is a 2-compartment model based on the principle that an electric current flows more rapidly through tissues with higher water and electrolyte content than through tissue less hydrated. Because of the greater electrolyte content of fat-free mass, it offers less resistance to electric current compared to fat tissue. Thus, resistance, or impedance to electric current, directly relates to the amount of fat-free mass. Fat mass is then calculated by subtracting fat-free mass from total body mass. Electrical BIA has been shown to be accurate when compared with the gold standard of the body immersion method for analyzing body composition which is not practical for clinical use. The accuracy and reliability of BIA has been reported in both adults and in children [6, 7] . The measurements were done with tetra-polar electrode placement with participants lying relaxed on a couch, limbs slightly abducted from the body. Electrodes were placed on the dorsal surfaces of the right hand and foot, at the distal metacarpals and metatarsals, respectively, and between the distal prominence of the radius and the ulna at the wrist and the medial and lateral malleoli at the ankle. Electrodes are similar to EKG electrodes and cause minimal discomfort.
The prediction equations for total body water and fat-free mass use resistance measured with data from RJL bioelectrical impedance analyzers (Clinton Twp, MI) [8] . The prediction equations used to estimate lean mass are the following: www.jcomjournal.com
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The cIMT was defined as the distance between the media-adventitia interface and the lumen-intima interface. Images of the carotid artery were taken in longitudinal section using a fundamental frequency 10 MHz transducer (9L, GE Vivid 7, Norway) ( Figure) . From multiple measurements, we recorded the maximal cIMT from any site by imaging the near and far walls of the bulb, internal (proximal 1-cm segment), and common carotid arteries (distal 1-cm segment). Maximal cIMT was categorized as < 1.0 or ≥ 1.0 mm (as a marker of increased cIMT). We chose the cutpoint of 1.0 as our study population was relatively healthy and exhibited only the earliest signs of carotid or coronary disease.
Statistical Analysis
For univariate analysis, the association between categorical variables was assessed using χ 2 analysis. Differences in mean values were assessed using Student's t test or analysis of variance (ANOVA) followed by the Bonferroni correction of the p value, as appropriate. For triglyceride values, which were not normally distributed, median values are presented and differences between groups were tested using the Mann-Whitney U test. Multivariate analysis was conducted using logistic regression, first entering all variables with no stepwise algorithm and then using a forward stepwise likelihood ratio approach. Results from the stepwise analysis are presented in the paper,. All data were analyzed using SPSS v. 21.0 and a P value of 0.05 or less was considered to indicate statistical significance.
RESULTS
Patients enrolled in the study presented with chest pain, workup showed only 3 out of 150 patients had a positive stress echocardiography, and of the 3 only 1 had a significant coronary artery disease on coronary angiography. Their risk for clinical vascular events was low because of their young age and relatively low prevalence of the traditional cardiovascular risk factors of diabetes, hypertension, hyperlipidemia, and smoking. Patient characteristics are displayed in Table 1 . Hypertension was present in 41%, hyperlipidemia in 25%, smoking in 30%, diabetes in 15%, and family history of heart disease in 43%. Findings from univariate analysis are shown in Table 2 . Ninety percent (n = 135) of patients had maximal cIMT ≥ 1.0. Among risk factors, only age and hypertension were associated with increased cIMT. Among anthropometric measures, BMI, waist circumference and waist to height ratio were significantly associated with increased cIMT. Neck circumference showed a trend toward significance. Among body composition measures only total body fat was significantly associated with increased cIMT; however, there was no association between percent body fat and cIMT. From separate logistic regressions (Table 3) , after controlling for age, BMI (OR = 1.13, 95% CI 1.03 to 1.25), waist circumference (OR = 1.05, 95% CI: 1.01 to 1.09) and total body fat (OR = 1.02, 95% CI 1.01 to 1.04) were significant predictors of cIMT ≥ 1 mm. After controlling for age and hypertension, neck circumference (OR = 1.19, 95% CI 1.03 to 1.38) and fat-free mass (OR = 1.03, 95% CI 1.01 to 1.06) were also significant predictors of cIMT ≥ 1 mm.
DISCUSSION
Obesity is an important risk factor for a broad spectrum of cardiometabolic disturbances, including hypertension, dyslipidemia, glucose intolerance, and cardiovascular disease. In particular, abdominal obesity is more closely associated with risk of disease than general obesity. Prior studies have 
*
shown waist circumference or waist-to-hip ratio as indicators of abdominal obesity, may be better predictors of the risk of disease than the BMI, an indicator of general obesity [9, 10] . In our study, several anthropometric and body composition measures were significant predictors of subclinical atherosclerosis, even after controlling for traditional risk factors. Different anthropometric and body composition measures are used to assess the body habitus. Although the gold standard definition of obesity is considered an excess of body fat [11] , clinicians and epidemiologists usually rely on BMI as a means of defining the presence of adiposity or obesity. BMI has shown many advantages as a surrogate for body fat mass, including simplicity and reproducibility. Epidemiologic studies have shown an association between extreme values of BMI and increased mortality [10, [12] [13] [14] . Several studies have shown a U-shaped association between BMI and mortality, suggesting that both a high and a low BMI are associated with premature death [15] . The increased risk seen with a high BMI is mirrored by the risk associated with a high body fat mass; the risk observed with a low BMI seems more closely linked to the risk associated with low fat-free mass than low fat mass. A significant limitation of using BMI, however, is its failure to differentiate between an elevated body fat content and preserved or increased lean mass, especially in muscular builds or body builders [16] [17] [18] [19] [20] [21] [22] . A large proportion of the patients in our study group were obese, a finding that is representative of our general patient population. For this population, BMI is still a very simple and valid tool of measuring obesity with independent and direct relationship with cIMT, surrogate for early atherosclerosis. Our study also supports the direct relationship of obesity (as defined by BMI) with increased cIMT even after controlling for traditional risk factors. The effect of obesity on atherosclerosis has generally been thought to be a result Carotid intima media thiCkness of associated risk factors, hypertension, diabetes, and high cholesterol. Our data suggest that obesity, measured by BMI greater than 30, independently increases the risk of preclinical atherosclerosis defined by an increased cIMT. This further strengthens the argument that achieving a normal BMI must be emphasized as a central risk modification to prevent clinical events from CVD. Percent BF did not show any association with increased cIMT. This could be because of the small sample size and bioelectrical impedance's inability to assess the distribution of the fat in the body as it simply measures overall fat. Total body fat was significant only in univariate analysis. Bioelectrical impedance underestimates upper-body obesity, especially in athletes and elderly patients [23] . Other more accurate methods to estimate %BF, such as hydrostatic weighing or dual energy x-ray absorptiometry, may be preferable to estimate body composition [24] . Nevertheless, bioelectrical impedance's acceptable accuracy, simplicity, lack of radiation, and relatively low cost make it a practical and feasible alternative for measuring body fat, especially in large populations [25, 26] . The practical advantages to using BMI for risk assessment include its simplicity. The patient does not need to disrobe. Patients can learn to use BMI for self-monitoring and awareness of obesity and its associated risks. Limitations
Original research
We did not measure hip circumference and hence did not consider waist-to-hip ratio, which has been shown to estimate adiposity-related atherosclerotic burden in clinical practice and in obesity research. Waist-to-hip ratio consistently demonstrated the strongest graded independent relationship with cIMT, beyond most of the established risk factors of atherosclerosis, and superseded both waist circumference and BMI [27] . The relationship between cIMT and cardiovascular risk is continuous. Prior studies have generated different cutoff values for normalcy with average thickness of the combined intima and media ranging between 0.5 and 1.2 mm and a value of 1.2 to 1.5 mm as a marker of plaque. The values of abnormal cIMT are also age dependent, and a cIMT > 1.0 mm is considered highly abnormal in younger patients, and hence this was used as the cutoff in our study [28] . Though there were relatively few patients (10%) in our study with maximal IMT < 1.0 mm, our analysis still indicated the independent association of BMI with increased cIMT. Other measurements of excess body weight might have also shown an independent association if the sample size was larger.
CONCLUSION
Obesity, as defined by a BMI greater than 30, is associated with increased intima media thickness, a surrogate for early atherosclerosis among patients with no known prior cardiovascular events independent of age and hypertension. These findings reinforce BMI as a simple and valid tool to screen for obesity and make more urgent the need to identify successful strategies to avoid obesity.
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